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(54) Title of the invention: Post-processing method for silver plate 

Specifications 

1 . Title of the invention 

Post-processing method for silver plate 

2. Claim 

1. What is claimed is a post-processing method for silver plate comprising the 
following: 

(1) Process for silver plating an element 

(2) Process for water bathing the silver plate 

(3) Process to air dry the water bathed silver plate 

(4) Process for treating the dried silver plate with an organic compound having SH 
radical 

(5) Process for water bathing the treated silver plate 

(6) Process to air dry the water bathed silver plate. 

3. Detailed specifications 



A. Area of industrial use 



This invention concerns a post-processing method for silver plate, specifically a 
post-processing method which leaves no spotting on the plate surface and is highly 
effective in preventing discoloration change of the plate surface. 

B. Outline of the invention 

This invention makes it possible to attain silver plated products without spotting 
on the plate surface and for which discoloration of the plate surface is prevented. This is 
possible because the post processing method for silver plate treats the plate surface of an 
element which has been silver-plated using an organic compound having SH radical and 
then water bathes and dries the plated element. 

C. Prior art 

Silver is a good conductor of heat and electricity and is widely used in plating for 
electronics parts, flatware, ornamental parts, medical instruments, and musical 
instruments. 

However silver plated products are easily discolored by exposure to air. In 
particular, silver plated products produce silver sulfide from sulfide gas (mainly hydrogen 
sulfide) present in the atmosphere. The problem is that, since the product turns brown, 
appearance and electrical contact become bad. In order to resolve this problem, a post- 
processing treatment to prevent discoloration is performed on the surface of the silver 
plate. 

Mercaptan is generally known to be a preventive agent in the treatment to prevent 
discoloration. 

On the other hand, in the current silver plating process, treatment with a 
dewatering agent is usually performed in order to speed up drying after silver plating. 

D. Problems to be solved by the invention 

However, sometimes the treatment with mercaptan to prevent discoloration and 
the dewatering agent treatment together make spotting on the plat surface. A problem is 
an acceleration of the silver discoloration caused by spotting on the plate surface. 

Consequently, this invention was conceived as an original idea in order to resolve 
this problem. The objective of this invention is to provide a post processing method for 
silver plate which leaves no spotting on the plate surface and as a result, prevents the 
discoloration of the silver. This is possible because the post processing method for silver 
plate treats the plate surface of an element which has been silver-plated using an organic 
compound having SH radical and then water bathes and dries the plated element. 

E. Means for resolving the problems and Operation 

As a result of diligent research to resolve the problem discussed above, the 
inventors discovered that spotting did not occur on the silver plate surface and that 
discoloration of the silver could be prevented as follows, thus achieving the post- 



processing method for silver plate of this invention: as a post processing method for 
silver plate, treating the plate surface of an element which has been silver-plated using an 
organic compound having SH radical and then water bathing and drying the plated 
element. 

Specifically the post processing method for silver plate of this invention becomes 
a means of resolving the problems by comprising the following: 

(1) Process for silver plating an element 

(2) Process for water bathing the silver plate 

(3) Process to air dry the water bathed silver plate 

(4) Process for treating the dried silver plate with an organic compound having SH 
radical 

(5) Process for water bathing the treated silver plate 

(6) Process to air dry the water bathed silver plate. 
This invention is explained in more detail below. 

Because silver is a good conductor of heat and electricity, electronics parts, 
flatware, ornamental products, medical instruments, and musical instruments, etc., are 
listed as the elements used in the silver plating process in the post processing method for 
silver plate of this invention. 

A usual silver plating operation, a silver bus bar process for example, is used to 
attain silver plate on these elements. 

Silver is a noble metal with little tendency to ionize. At that time, therefore, it is 
desirable to create a silver strike plate in advance because a substitute plate easily occurs 
and adhesion becomes poor. 

Next, water bathing process in this invention is not merely washing with water, 
but water bathing the plated item in a desiccating agent. Water bathing also means 
heating and then drying the plated element, and thus means that the plated element is 
placed in the bath for a few seconds and heated. The water used in this water bath is 
preferably purified water in order to prevent spotting after drying. 

Furthermore, the silver plated element is air dried after the water bathing process 
is complete. Here, air drying is used because natural drying sometimes causes spotting of 
the plate surface. 

Next, after drying is complete, the silver plated item is treated with an organic 
compound having an SH radical. Thus, the silver plated item does not become spotted 
after drying and discoloration of the silver, which is caused by this spotting, is prevented. 

The organic compound having an SH radical used in this invention may be 
mercaptan, which is a compound in which the hydrogen atom of an aliphatic hydrocarbon 
is replaced with an SH radical, or thiophenol, which is a compound in which they 
hydrogen atom of an aromatic hydrocarbon is replaced with an SH radical. Specifically 
the mercaptan may be mercaptocyclohexane or mercaptoacetate; the thiophenol may be 1- 
phenyl-5-mercaptotetrazole, mercaptonaphtol, or mercaptodiphenylmethane. Preferably 
hexadecylmercaptan diluted 10 times with trichloroethane is used. This 
hexadecylmercaptan is generally known as an agent to prevent the discoloration of silver. 

Then, the silver plated item treated with this organic compound having an SH 
radical undergoes the water bath once more. This works better to prevent the 



discoloration of silver plate than direct drying. This is because the heat from the water 
bath improves the adhesion of the silver and mercaptan film. 

Moreover, the product is usually treated with trichloroethane or a neutral detergent 
after the mercaptan treatment. However, trichloroethane rinsing makes the silver and 
mercaptan film thin and reduces the discoloration preventive effects; rinsing with a 
neutral detergent does not reduce the discoloration prevention effects, but it is doubtful 
that the rinsing was sufficient. Therefore, the water bathing in this invention is said to be 
better. 

Next, after the water bath process is complete, the silver plated product undergoes 
air drying again and the post processing method for silver plate of this invention is 
complete. 

The silver plated product attained according to the method of this invention has no 
spotting on the plate surface and no discoloration of the silver. Thus, the appearance is 
superior and electrical contact is also good; the product is optimum for use in electronics 
components. 

F. Working examples 

Below a detailed explanation of the post processing method for silver plate of this 
invention is given based on the Working examples. 

1. Working example 

Post processine method for silver plate of this invention 

(1) According to the treatment process shown in Table 1, Sample No. 6, a 2 mu m 
thick silver plate was applied to silver (CI 100BB-1/2H) as the element through a silver 
bus bar process [**kirinsu** {Crimson note: transliteration of Japanese, term could not 
be confirmed. It is probably a transliteration into Japanese of a Western name.} treatment 
> rinsing > neutralization (NaCN) > taping > brushing (polishing powder) > rinsing > 
strike plating (AgCN 3.5 g/1, KCN 9.7 g/1) > plating (AgCN 36 g/1, KCN 90 g/1, 
brightening agent **silibarium** {Crimson note: transliteration of Japanese. } > recovery 
tank > rinsing] shown in Process No. (1). Next, the plate layer attained underwent the 
water bath, air drying, and processing with hexadecylmercaptan diluted 10 times with 
trichloroethane. After undergoing the water bath again, air drying was performed and 
thus the post processing method for silver plate was performed. 

(2) Silver which has undergone the post processing method for silver plate of this 
invention underwent an H 2 S exposure test under conditions of 40°C and 80% RH, using a 
gas corrosion testing device (Yamazaki Seiki Kenkyusho Model GH-180). A general 
evaluation according to the degree of silver discoloration and the presence of spotting was 
made and results are shown in Tables 2 and 3 respectively. 

(3) According a treatment process other than that shown in Table 1, Sample No. 6, 
a comparative example was prepared with the same method as in Working example (1). 
A general evaluation according to the degree of silver discoloration and the presence of 
spotting was made and the results shown in Tables 2 and 3 respectively. 



2. Treatment process 

The treatment process according to this invention was performed on Sample No. 6 
as a working example and as comparison examples on Samples No. 1-5 and 7-13, as 
shown in Table 1. 

(Below is blank) [sic] 

Table 1. Treatment processes 

Column header across the top reads "Process". Far left column header reads "Sample". 
Key (reads vertical column number, horizontal column number): 



1,2: 


Air drying 


2-13, 1: 


Plating 


2, 3: 


Natural drying 


2-4, 2: 


Dewatering agent 


3-4, 3: 


Rinsing 


3,4: 


Air drvinp 


4, 4: 


Water bath 


4, 5: 


Air drying 


5,5 


Natural drying 


5-8, 2: 


Water bath 


5-8, 3: 


Air drying * 


5-8, 4: 


Merc ap tan 


6,5: 


Water bath 


6-7, 6: 


Air drying 


7,5: 


Trichloroethane 


8,5: 


Neutral detergent 


8, 6: 


Rinsing 


8, 7: 


Air drying 


9-13, 2: 


Dewatering agent 


9-12,3: 


Rinsing 


9-12,4: 


Water bath 


9-12,5: 


Air drying 


9-12, 6: 


Mercaptan 


9, 7: 


Natural drying 


10,7: 


Water bath 


10, 8-11: 


Air drying 


11,7: 


Trichloroethane 


12,7: 


Neutral detergent 


12, 8: 


Rinsing 


12, 9: 


Air drying 


13,3: 


Natural drying 


13,4: 


Mercaptan 


13,5: 


Natural drying 



Unmarked callouts are illegible. 



3. Experimental results 

(1) Sample No. 6 (Working example and Samples No. 1-5 and 7-13 (Comparison 
examples) processed according to the treatment processes shown in Table 1 were 
distinguished according to the presence of spotting and the prevention of silver 
discoloration. The results are shown in Table 2. 

(Below is blank) [sic] 

Table 2. General evaluation of various treatment processes 

Column headers in order from right to left: 

Sample 

Presence of spotting 
Discoloration prevention 
General evaluation 

Symbols: Circle=Good, Triangle=Acceptable, X= Not acceptable 

(2) Presence of spotting 

Mercaptan and the dewatering agent are thought to be the cause of spotting. 
Therefore, the presence of spotting on the plate surfaces, made according to the treatment 
processes for Samples No. 1-13 in Table 1, was visually inspected. 

(1) Table 2 shows the results for the presence of spotting when all of Samples No. 
2-4 and No. 9-10 were soaked in a dewatering agent (IDR: Nippon Kizai K.K.) after 
plating. After plating, the dewatering treatment is used since the dewatering agent 
generally hastens drying of the plate while also conferring anticorrosive effects 
temporarily. 

(2) Samples No. 2 and 13 underwent natural drying after treatment with the 
dewatering agent. Meanwhile, Samples No. 3, 4, and 9-13 were rinsed after treatment 
with the dewatering agent. As a result, while spotting remained on Sample No. 2, almost 
no spotting remained on Samples No. 3, 4, and 9-13. This shows, therefore, that spotting 
can be prevented by rinsing after plating and then treatment with the dewatering agent. 

Meanwhile, Sample No. 13 underwent mercaptan treatment instead of rinsing 
after the treatment with the dewatering agent. Comparison with Sample No. 2 showed 
that this prevented spotting. Thus, while treatment with the dewatering agent does 
influence the presence of spotting, mercaptan treatment also serves to prevent spotting. 
This was also demonstrated by the fact that spotting was not observed in Samples No. 5-8 
which underwent only mercaptan treatment and not treatment with the dewatering agent. 
Moreover, rinsing with trichloroethane and rinsing with a neutral detergent are generally 
performed as treatments for spotting, but were determined to have no spotting treatment 
effects according to Samples No. 9-12 in the post processing treatment method for silver 
plate of this invention. 

(3) Preventing the discoloration of silver 



Table 2 shows the preventive effects for silver discoloration in Sample No. 6 
(working example) and Samples No. 1-5 and 7-13 (comparison examples) processed 
according to the treatment processes shown in Table 1. Table 3 shows the change over 
time of the degree of silver discoloration according to an H2S exposure test [Device: 
Yamazaki Seiki Kenkyusho Model GH-180, Conditions: H 2 S 3 ppm, 40°C, 80% RH]. 

(Below is blank) [sic] 

Table 3. Degree of silver discoloration caused by H 2 S exposure test (functional 
inspection) 

[Column headers across the top indicate time in hours. Far left column shows sample 
numbers.] 

Note: Functional expression of degree of discoloration. 

Functional strength of discoloration is shown in the following basic order 

Concentric circles=No discoloration < Circle=Slight < Triangle=Thin < X-Heavy 

(1) Samples No. 1-4 do not undergo mercaptan treatment after plating, but 
Samples No. 5-13 do undergo mercaptan treatment after plating. The results for Samples 
No. 5-13 show that silver discoloration can be prevented with the mercaptan treatment. 
The results in Table 3 show that while Samples No. 1-4 have silver discoloration after 
four hours of the H 2 S exposure test, Samples No. 5-13 have almost no discoloration for 
up to 8 hours. 

(2) Sample No. 2 became completely discolored after four hours of exposure, 
showing how the dewatering agent remains on the plate surface as spotting and 
accelerates silver discoloration. Consequently, sufficient rinsing and water bathing after 
treatment with the dewatering agent are necessary to prevent silver discoloration (See No. 
3 and 4). 

(3) Furthermore, Sample No. 6 showed little discoloration for up to 35 hours in 
the H 2 S exposure test. This means that samples which undergo water bathing are less 
affected by silver discoloration than samples which were dried or underwent rinsing with 
trichloroethane or neutral detergent, which are generally used as spotting treatment 
methods, after mercaptan treatment. Water bathing's effects of preventing silver 
discoloration are also shown by the fact that Sample No. 10 underwent water bathing 
after mercaptan treatment and had little discoloration for up to 27 hours in the H 2 S 
exposure test. 

(4) Conclusion 

(1) Spotting does not remain on the plate surface if a process where a dewatering 
agent is not used as shown in Samples No. 5-8 is used. 

(2) Silver discoloration can be prevented if water bathing is performed after 
mercaptan treatment as shown in Samples No. 6 and 10. 

(3) The above situation indicates that the treatment process shown for Sample No. 
6 does not leave spotting on the plate surface and can also prevent silver discoloration. 



G. Effect of the invention 



(1) This invention leaves no spotting on the silver plate surface and prevents silver 
discoloration because after treatment using an organic compound having an SH radical, 
the plated element then undergoes water bathing and drying. 

Consequently, a silver plated product, such as electrical component, flatware, 
ornamental product, medical instrument, or musical instrument, which is ideal because 
the product has a superior appearance and good electrical contact can be attained with the 
post processing method for silver plate of this invention. 

(2) This invention can eliminate the need for a complex operation and simplify the 
processing since the treatment processes with trichloroethane or detergent and the 
dewatering agent treatment process, which are usually used in metal plating, can be 
eliminated. 



Representative Fuji Hiro Shiga 



